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(54) Plasma display system 

(57) A plasma display panel for plasma display sys- 
tem provides excellent optical characteristics, including 
a color purity, contrast, and luminance, of a plasma dis- 
play system. Barrier ribs 2 forming a cell S has wave- 
length-selective reflective filters 8 for reflecting only a 
light of wavelength needed to display and absorbing the 
other lights coated thereon. The wavelength-selective 
reflective filters 8 have phosphors 7 coated thereon. A 
color filter 4 is inserted between a first face panel 3 and 
second front glass panel 6 for feeding out the light in a 
sandwich state. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a plasma display 5 
system having a plasma display panel for use as a dis- 
play, particularly as a thin display panel that energy of a 
ultraviolet ray excites phosphors to obtain visible lights. 

A plasma display panel (hereinafter referred to as 
the PDP) is made of small plasma light emitting cells 10 
each of which is formed of enclosed by barrier ribs, a 
face panel, and a back plate at each of crossing portions 
of stripe data line electrodes and scanning line elec- 
trodes crossing like a matrix. The plasma light emitting 
cells has a phosphor corresponding to one of three pri- 15 
mary colors provided thereinside. if a plasma is dis- 
charged as selected by the data line electrode and the 
scanning line electrode, the plasma generates an ultra- 
violet ray. The ultraviolet ray excites the phosphor to emit 
a light, thereby forming a picture element of the plasma 20 
display system. 

In the Japanese Patent Application Laid-Open 
(TOKU-KAI-SHO) No. 61-24126 is disclosed a first prior 
art that color of the substance used for the barrier ribs 
forming the cells is changed from white to black so that 25 
absorption of the lights emitted by the phosphors excited 
by the ultraviolet ray is made as little as possible to 
increase the luminance of the above-described plasma 
display panel (PDP). The first prior art uses the sub- 
stance containing no black pigment for forming the bar- 30. 
her ribs to increase the reflection factor of the lights to 
reflect the lights emitted by the phosphors effectively. 

Also, in the Japanese Patent Application Laid-Open 
(TOKU-KAI-SHO) Nos. 59-36280 and 61-6151 is dis- 
closed a second prior art that the cells have optical filters 35 
of inorganic substances attached to the openings thereof 
for color lights to increase the color purity and contrast 
of the PDP The second prior art having the optical filters 
inside the light emitting ceils can have a desired thick- 
ness of the face panel since the thickness does not such 40 
errors of phenomena that parts of the light do not pass 
the filter and passes the filter of different color. 

. The above-mentioned first prior art can increase the 
reflection factor to increase the luminance since the color 
of the substance used for the barrier ribs forming the cells 45 
is white. However, the first prior art has the disadvantage 
that the color purity is decreased since the substance 
reflects the lights of all wavelengths and if the spectra of 
the lights emitted by the phosphor are not of a single 
wavelength, the substance reflects the lights of unde- so 
sired wavelengths. The first prior art also has the disad- 
vantage that an possible coming external light causes 
deteriorations of characteristic performance, such as 
decrease of contrast, not taking into account the deteri- 
orations of optical characteristic performance. The first 55 
prior art further has the disadvantage that the substance 
cannot always reflect the ultraviolet ray for exciting the 
phosphor effectively although reflecting the visible lights. 



The above-mentioned second prior art is ideal in the 
principle that as described above, thickness of the face 
panel causes no error However, the second prior art has 
the disadvantage that as a realistic problem, thef ilter has 
to be made of the substance the characteristics of which 
cannot be changed by ultraviolet ray since the filter put 
in the light emitting cell is always be exposed to strong 
ultraviolet ray. The second prior art also has the disad- 
vantage that the filter has to endure the high-temperature 
heat process of 500 to 600°C unavoidable for fabrication 
of the panel since the filter is attached to the face panel. 
The second prior art further has the disadvantage that 
the substance discharging undesired gases is impracti- 
cal since the substance forming the filter is put in the cell. 
For those reasons, the substance for the filter is so lim- 
ited as to meet the optical characteristics. The filter is 
made of the inorganic substance in the current situation, 
but is inferior to the ones of organic substances used in 
the CCD employed widely as image device and liquid 
crystal display panel. However, the organic substance fil- 
ters cannot be currently treated in the high-temperature 
process so that the PDP cannot make full use of the 
excellent optical characteristics of the organic substance 
filter. 

Also, the prior plasma display panels have the dis- 
advantage that the face panel for feeding out the emitted 
light is made usually of a simple flat glass and is not 
shaped in view of directivity of the output light. For the 
reason, the prior plasma display panels cannot have high 
efficiency of the output light where wide directivity is not 
always needed. 

SUMMARY OF THE INVENTION 

In view of solving the foregoing problems of the prior 
arts, it is an object of the present invention to provide a 
plasma display system that can increase color purity and 
contrast while increasing luminance. 

A more specific object of the present invention is to 
increase the luminance, color purity, and contrast of each 
cell of the plasma display panel. 

Another object of the present invention is to make 
the PDP that can use an optical filter of an organic sub- 
stance having excellent optical characteristics, particu- 
larly in a wavelength selectivity. 

Still another object of the present invention is to 
increase the luminance for the plasma display system 
having directivity allowed for. 

To accomplish the above-mentioned objects, the 
present invention provides the following features. 

A fundamental feature of the present invention is that 
each cell of the PDP has first means for increasing the 
color purity of the light emitted in the cell and/or second 
means for the color purity of the light to be fed out of the 
cell. More specifically, the first means for increasing the 
color purity of the light emitted in the cell is made to have 
a reflective surface excellent in the wavelength selectivity 
on an inside of the cell having a phosphor. 
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To increase the luminance of each cell of the PDP, 
it need hardly be said that the light emitted by the phos- 
phor has to be fed out so as not to be absorbed possibly. 
The lights of wavelengths other than the one needed to 
display, whether the lights are emitted by the phosphors 5 
or external lights, have to be all absorbed. However, 
since the PDP uses the ultraviolet ray to excite the phos- ■ 
phor, absorption of the ultraviolet must be made as little 
as possible. 

To meet above-mentioned limits at the same time as 10 
a feature of the present invention, the present invention 
is made to have a filter coated with a substance capable 
of effectively reflecting the light desired to display or an 
interference film filter of a multiple of layers of different 
refractions overlapped alternately. is 

Each of the reflective filters (wavelength-selective 
reflective filters) attached to walls forming the cell 
depend greatly on optical characteristics of the material 
used, such as a pigment. If the material has a high reflec- 
tion factor for a wavelength of the respective three pri- 20 
mary color lights needed to display and on the contrary, 
has high absorption factors for the ones of the other 
lights, it can increase without decreasing the color purity 
and contrast. Of course, it is not needed for the optical 
characteristics for the wavelengths to allow one sub- 25 
stance for the three spectra of the three primary colors. 
The reason is that the light emitting cell is optically inde- , 
pendent of the three respective primary colors. Rather, 
to make the optical characteristics to a great extent, one 
substance should have a greatly high reflection factor for .so 
one spectrum of the three primary colors and absorb the 
other spectra well and should correspond to the respec- 
tive three kinds of display color. 

As described above in detail, the substance (pig- 
ment) is coated to the surfaces of the barri er ribs and the 35 
bottom of each cell of the three primary colors, for exam- 
ple, red, green, and blue, before coating the phosphor 
onto it. Such a structure allows the emitted light to be fed 
out without loss and the lights other than the desired light 
of wavelength to be absorbed. This can increase the out- .40 
put light and at the same time, unlike the white reflection 
panel, can increase the color purity and contrast. If the 
phosphor has approximate amount of a pigment or the 
like mixed therewith, the improvement effects can be 
made higher. 45 

Of the above-mentioned two means, the means for 
increasing the purity of the light to be fed out of the cell 
is achieved as an optical filter having high wavelength 
selectivity. More specifically, the means can be formed 
of an organic substancie filter or an interference film filter, so 
It is advantageous that the optical filter of the organic 
substance having the high wavelength selectivity should 
be provided through transparent means, such as glass 
plate, to the cell. 

That is. in the panel production process having a ss 
hightemperature process step, the substance for the 
organic substance filter is not attached to the face glass, 
plate, but attached after completion of the high-temper- 
ature process step. Alternatively, the substance is 



attached in advance to a part having needed the high- 
temperature process before being integrated with the 
other parts at the final process step to complete. For the 
reason, the face panel is made up of a thin first face panel 
inside it and a second front glass panel outside it. If the 
organic substance filter is directly attached to the first 
face panel because of the heat process step of the panel, 
for example, the organic substance filter is attached to 
the second front glass panel in advance. At the final step 
after completion of all the heat treatments, the first face 
panel and the second front glass panel are attached 
together to have the organic substance filter put therein. 
Such a process and construction as having the organic 
substance filter can solve the problem of durability of the 
prior arts for the ultraviolet ray and the problem of dis- 
charge of gases into the cells. As to the problem of the 
adverse effect due to deviation of the light transmission 
path and the filter as looked obliquely when the filter is 
attached outside the cell, the first face panel is made thin 
to make it no practical problem. 

As for the optical filter attached to the face panel 
available for the PDP of the present invention, it can be 
made of the organic substance having superior optical 
characteristics. The organic substance filter can 
increase the color purity of the emitted light to a great 
extent and at the same time, reduce decrease of the con- 
trast due to external lights. If the second front glass panel 
is made to have functions of an optical lens and prism, 
directivity of the output light can be controlled easily, 
thereby being capable of further increasing luminance. 

As describes so far, the present invention has the 
advantage that it can use the substance having the ben- 
eficial characteristics for the optical filters to increase the 
luminance while increasing the color purity and the con- 
trast. Also, the present invention has the advantage that 
it can use the black substance effective for the barrier rib 
to increase the contrast of the panel in itself, thereby 
being expectable for increase the optical characteristics 
of the panel. 

The foregoing and other objects, advantages, man- 
ner of operation and novel features of the present inven- 
tion will be understood from the following detailed 
description when read in connection with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE. DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a block diagram illustrating the plasma dis- 
play system according to the present invention; 
Fig. 2 is a cross-sectioned view illustrating major 
portions of a first embodiment of the plasma display 
panel according to the present invention; 
Fig. 3 is an enlarged cross-sectioned view illustrat- 
ing an area around tops of barrier ribs in Fig. 2; 
Fig. 4 is a graph illustrating an example of light trans- 
mission characteristics of color filters of the first 
embodiment; 
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Fig. 5 is a model curve illustrating an optical charac- 
teristic of wavelength-selective reflective filter of the 
first embodiment; 

Fig. 6 is a model curve illustrating a characteristic of 
a thin film interference film filter, which is substituted 
for wavelength-selective reflective filter, formed of a 
multiple of thin films of different refraction factors; 
Fig. 7 is an enlarged cross-sectioned view illustrat- 
ing a microprism of a second front glass panel of the 
first embodiment; 

Fig. 8 is a cross-sectioned view illustrating major 
portions of a second embodiment of the plasma dis- 
play system according to the present invention; 
Fig. 9 is a cross -sectioned view illustrating major 
portions of a third embodiment of the plasma display 
system according to the present invention, and 
Fig. 10 is an enlarged cross-sectioned view illustrat- 
ing a plasma interference film filter of the embodi- 
ments of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 depicts a block diagram illustrating the plasma 
display system according to the present invention. A 
plasma display panel 20 has a data line electrode 21 and 
a scanning line electrode 22. The data line electrode 21 
and the scanning line electrode 22 are connected with a 
data line drive circuit 23 and a scanning line drive circuit 
24, respectively. The data line drive circuit 23 and the 
scanning line drive circuit 24 apply drive voltages to the 
electrodes connected therewith as receiving a signal 
from a signal processing and controlling circuit 25. The 
data line electrode 21 and the scanning line electrode 
22, which are arranged in a matrix form, generates dis- 
charge at an intersection point thereof as having the 
drive voltages applied thereto depending on a video sig- 
nal. 

Fig. 2 depicts a cross-sectioned view illustrating 
.major portions of a first embodiment of the plasma dis- 
play panel according to the present invention. The major 
portions include a single cell that is a light emitting area 
(discharge space spatially separated for each light color, 
the light emitting area being a unit light discharge space. 

As shown in Fig. 2, the plasma display system are 
formed of a background glass plate 1 (hereinafter 
referred to as the back plate 1), barrier ribs 2 for spatially 
separating the cell, a first front glass 3 (hereinafter 
referred to as the first face panel 3) formed of thin flat 
glass plate, a color filter (organic substance filter) 4 
formed of an organic substance for selecting a wave- 
length of an output light, a black matrix 5 for absorbing 
a light, a second front glass plate 6 (hereinafter referred 
to as the second front glass panel 6) having an optical 
element, such as a microprism or microlens, a phosphor 
(phosphor film) 7, a wavelength-selective reflective filter 
(thin film reflection filter) 8 for reflecting a light of specific 
wavelength while absorbing lights of wavelengths other 
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than that one, the cell S that is the light emitting area 
spatially separated for each light color. 

In the figure are indicated the data line electrode 21 
and the scanning line electrode 22 shown in Fig. 1. 

5 That is, Rig. 2 depicts a a cross-sectioned view of 
the plasma display panel 20 cut out along the scanning 
line electrode 22, illustrating a cell 26 defined by the inter- 
section point of the data line electrode 21 and the scan- 
ning line electrode 22. A space between the first face 

10 panel 3 and the back plate 1 is partitioned by the barrier 
ribs 2 to, for example, a stripe form or a lattice form. The 
space enclosed by the barrier ribs 2 is filled with a rare 
gas. If the drive voltages produces an electric field 
between the data line electrode 21 and the scanning line 

is electrode 22 to generate a plasma discharge, the dis- 
charge generates an ultraviolet ray. The ultraviolet ray 
excites the phosphor 7 to emit a light. The cell defined 
at the intersection point of the data line electrode 21 and 
the scanning line electrode 22 forms a picture element. 

20 The picture elements can display an image on the 
plasma display panel 20. 

The wavelength-selective reflective filter (thin film 
reflection filter) 8 of the first embodiment is coated on 
surfaces of the barrier ribs 2 and between a bottom of 

25 the cell S and the phosphor 7 for each of three display 
primary colors, including red, green, and blue. The filter 
is formed of a substance (pigment) having a very high 
reflection factor to one respective spectrum of the three 
primary colors while absorbing the other spectra. The 

30 phosphor 7 has appropriate amount of a pigment mixed 
therewith depending on the respective one of the three 
color cells as needed. 

The function of the wavelength-selective reflective 
filter 8 can be alternatively served by the barrier ribs 2 

35 and the bottom of the cell S themselves in the way that 
the barrier ribs 2 and the bottom of the cell S are formed 
of appropriately selected substances and are mixed with 
a substance that can reflect only the spectrum needed 
to display. 

40 Also, the wavelength-selective reflective filter 8 may - 
be alternatively replaced by an interference film filter 
(multilayer interference film filter) having optical charac- 
teristics. Fig. 10 depicts an enlarged cross-sectioned 
view illustrating a plasma interference film fitter. The 

45 - interference film filter is formed to have thin films of dif- 
ferent refraction factors n overlapped alternately to make 
an interference to reflect or make only the necessary 
spectrum components pass through. The interference 
film filter should be designed to reflect only the neces- 

$o sary wavelength components. It is effective as described 
in detail later by reference to Fig. 9 to form the thin film 
interference film filter (multi-layer interference film) on 
inside surfaces of the face panels to reflect an ultraviolet 
ray, but transmit only the visible light. 

55 As described above, the discharge is made selec- 
tively for each cell S. The ultraviolet ray generated by the 
discharge excites the phosphor 7. At the same time, vis- 
ible light of spectra specific to the phosphor is fed out 
through the first face panel 3, the color filter 4, and the 
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second front glass panel 6. To make the ultraviolet ray 
excite the phosphor 7 sufficiently and effectively, the wall 
surfaces of the barrier ribs 2 and the bottom (bottom sur- 
face) of the cell S have the phosphor (phosphor film) 7 
formed thereon to make the phosphor 7 have sufficient 5 
surface area. Also, to use the ultraviolet ray effectively, 
the face panel may have the phosphor 7 coated on an 
output side thereof so thinly as to transmit the visible 
light. However, it should be careful that if the phosphor 
7 is too much, the desired vistole light is attenuated. 70 

Parts of the lights coming out of the phosphor 7 are 
fed out through the first face panel 3, the color filter 4, 
and the second front glass panel 6 as it is. The lights 
generated toward the barrier rib 2 and the bottom of the 
cell S have only a wavelength of. necessary spectrum 15 
ref i cted by the wavelength-selective reflective filter 8 (or 
multi-layer interference film) and has the remaining 
wavel ngths of undesired spectra absorbed by the wave- 
length-selective reflective filter 8 (or multi-layer interfer- 
ence film). Thickness of the phosphor 7 coated onto the 20 
wavel ngth-seiective reflective filter 8 and the like has to 
. be optimized so that the phosphor 7 should absorb most 
of the ultraviolet ray generated by the discharge. The 
optimization of the thickness of the phosphor 7 provides 
such an advantage as preventing the irradiation of ultra- 25 
violet ray to the pigment of the wavelength-selective 
reflective filter 8 from deteriorating characteristics of the 
pigment. 

In turn, the following describes a structure and func- 
tion of the color filter 4 of the first embodiment by refer- 30 
ence to Fig. 2. As described above, the ultraviolet ray 
generated by the discharge in the cell S excites the phos- 
phor 7 coated in the cell S to produce the visible light. 
The light generated from the phosphor 7 before being 
fed out of the opening from the cell S passes the thin first 35 
face panel 3 first. If the first face panel 3 is too thick, the 
light fed out of the cell S may not coincide with the color 
filter 4 havingthe light pass through as looked obliquely, 
or the tone of color may be changed with angle of looking. 
For the reason, the first face panel 3 has to be made as 40 
thin as possible. For the PDP, the first face panel 3 can 
be made relatively thin with respect to strength since the 
PDP has no vacuum in the cell S and the barrier rib 2 
serves to support the atmosphere. The first embodiment 
makes use of such a feature to make the first face panel 45 
3 thin and provide the color filter 4 (organic substance 
filter) on a side opposite to the cell S in the first face panel 
3. The color filter 4 should have an area of each color 
made a little larger than an opening area of the cell S to 
make less the error of sight due to the thickness of the so 
first face panel 3 even if it is looked obliquely. 

. The color filters 4 (organic substance filters) of dif- 
ferent colors have a distance thereamong decided in 
terms of the thickness of the first face panel 3 and design 
conditions of the angle of sight. If the color filters 4 have 55 
a gap thereamong, the gap is coated with a black light- 
absorbing substance therein to form the black matrix 5. . 
The black matrix 5 (black portion) is positioned at tops 
of the barrier ribs 2 so that it will not be disadvantageous 



to luminance and the like. If the barrier rib 2 is white, the 
black matrix 5 can rather prevent reflection of an external 
light from the barrier rib 2 from lowering contrast. If an 
area of the black portion is too wide, it is effective to pre- 
vent the reduction of contrast, but it is a problem that if 
the display shows a simple pattern, such as a single color 
or the same luminance on a whole screen, the screen 
becomes black among the picture elements. This results 
in no smooth image. For the reason, in some case, the 
area of the color filter 4 should be made larger. Conse- 
quently, the color filter 4 should be designed optimum in 
view of contrast characteristic. Fig. 3 depicts an enlarged 
cross-sectioned view illustrating an area around the tops 
of the barrier ribs 2 in Fig. 2. As shown in the figure, a 
ratio of the area of the color filter 4 to that of the black 
matrix (black portion) 5 is decided depending on allow- 
ance of the angle of the light coming obliquely. 

Forming the color filter 4 depends on a maximum 
temperature at which the panel is formed. That is, if the 
filter is formed of the organic substance as in this first 
embodiment, a panel forming temperature has to be 
made lower than at a temperature that the substance of 
the organic substance filter can endure, or the heat- 
resistance temperature of the filter has to be higher than 
the panel forming temperature. However, the usual panel 
forming temperature for the PDP currently reaches as 
high as 600°C at maximum, while the heat-resistance 
temperature of the substance of the organic substance 
filter is around 1 50 to 200°C. For the reason, it is a current 
situation that the organic substance filter and members 
of the face panel cannot be formed in integration before 
a heat process of the panel. The present invention does 
not deny that in future, they will be possibly formed in 
integration before the heat process of the panel if the 
panel forming temperature for the PDP will be made 
lower or if the heat-resistance temperature of the organic 
substancef ilter will be made sufficiently higher. However, 
the first embodiment uses the current organic substance 
filter for use with the panel fabricated in the high-temper- 
ature process. That is, since the back plate 1 has the 
color filter (organic substance filter) 4 positioned on the 
observation side of the first face panel 3, they can be 
elaborated as desired. For example, when the high-tem- 
perature process is not needed after the panel forming, 
the first face panel 3 may under printing, spraying, coat- 
ing, or similar optimum processes, or after the second 
front glass panel 6 has the color filter 4 formed thereon, 
these may be stuck to the thin first face panel 3. 

Fig. 4 depicts a graph illustrating an example of light 
transmission characteristics of the color filters 4 of three 
primary colors, R. G, and B, of the first embodiment. The 
substance of each color filter 4 should be selected so 
that a center of the transmission wavelength should be 
brought into wavelengths required to display. (It is ideal 
that the selection should be made so that the center of 
the wavelength is fitted in the wavelengths required to 
display.) The output light can be made bright and little in 
the loss with the transmission factor being high. The 
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color purity can be made high as a transmission band- 
width is narrow. 

Fig. 5 depicts a model curve illustrating an optical 
characteristic of the wavelength-selective reflective filter 
8 of the first embodiment. As shown in the figure, such 
a wavelength selectivity of the wavelength-selective 
reflective filter 8 allows feeding out only the wavelength 
components needed to display to increase also a optical 
characteristic of the cell as compared with the reflection 
of all the wavelengths in the visible range. That is, the 
wavelength-selective reflective filter 8 can reflect only the 
lights of necessary wavelength while absorbing the other 
undesired lights. If the characteristics of the cells are f rt- 
ted with the required three display primary colors, red, 
green, and blue, we can realize the cells having high 
color, or excellent optical characteristics, such as color 
reproducibility. The wavelength-selective reflective filters 
8 can be made up of a pigment or the like. The reflective 
filters, unlike the transmission films, has advantages for 
fabrication, such as no necessity of using powder of fine 
grain diameter. 

Fig. 6 depicts a model curve illustrating a character- 
istic of the thin film interference film filter (multi-layer 
interference film), which is substituted for the wave- 
length-selective reflective filter 8 as described above, 
formed of the multiple of thin films of different refraction 
factors overlapped alternately to make interferences. 
Some elaboration of filter design can make a bandpass 
filter having such a narrow transmission bandwidth as 
shown in Fig. 5. As an example/the multi-layer interfer- 
ence film is effective in a case that we must use the phos- 
phor 7 that emits the light the spectra of which include 
undesired spectra right close to the desired wavelength 
to display, thereby feeding out only the light needed to 
display. If the multi-layer interference film is used, it 
adversely passes most of the lights other than the 
reflected display light without attenuation. Therefore, the 
barrier ribs 2 have to be made to absorb the undesired 
lights, for example, made black. Such a device can 
absorb most of the undesired lights to increase tha color 
purity and contrast. 

It is well known that as shown in Fig. 10, the optical 
filtration characteristic of the interference film filter can 
be controlled with the film thickness as the interference 
film filter is overlapped usually of ten or more thin films 
of different refraction factors n alternately, that is, thin 
films of refraction factors n1 and n2 (n1 is not equal to 
n2). As a number of the layers of the multi-layer interfer- 
ence film is increased, its ratio of reflection to absorption 
can be made high, thereby being capable of making 
sharp an optical cutoff characteristic of the film. It is also 
known that the interference film filter of less layers has 
broader cutoff characteristic. The interference film filter, 
therefore, should be designed depending on the desired 
optical characteristic and fabrication cost 

Fig. 7 depicts an enlarged cross-sectioned view 
illustrating a microprism of the second front glass panel 
6 of the first embodiment. The second front glass panel 
6 of the first embodiment has a corrugation of a multiple 



of sawtooth triangles on an outside thereof to have an 
optical prism function for controlling a direction of the out- 
put light thereof. Solid lines in the figure indicate the light 
output in the first embodiment, while broken lines are a 

5 light output without the optical prism function for control- 
ling the direction of the output light. The PDP emitting 
the light by itself is featured greatly in very broad direc- 
tivity. The first embodiment is useful in such applications 
that the broad directivity is needed. 

10 The second front glass panel 6 has the advantage 
that the substance for the second front glass panel 6 can 
be selected in view of workability and optical character- 
istic as desired since the second front glass panel 6 can 
be attached after completion and is independent of the 

75 high-temperatur$ process and air-tightness of a gas in 
the cells. The reason is that the airtightness is can be 
kept by the above-described first face panel 3. 

The above-described first embodiment has the 
microprism attached on the side of sight of the second 

20 front glass panel 6 to control the directivity of the output 
light. The microprism can be replaced by a lenticular lens 
or can be shaped to have an additional microlens. 

Fig. 8 depicts a cross-sectioned view illustrating 
major portions of a second embodiment of the plasma 

25 display system according to the present invention. Parts 
in the figure equivalent to those in Fig. 2 are indicated by 
the same numbers as in Fig. 2. Description of the iden- 
tical parts is omitted to avoid redundancy A second front 
glass panel 6 in the second embodiment is made up to 

30 a two-layer structure of a Fresnel lens plate 6a processed 
to a Fresnel-lens shape and a lenticular lens sheet 6b. 
The Fresnel lens 6a is closely attached to the color filter 
4. 

In the structure shown in Fig. 8, the lights fed out 
35 through the color filter 4 are not uniform as indicated in 
the figure. But, the Fresnel lens 6a acts to bring the lights 
to become rather parallel. When the output lights are 
arranged in the direction in some degree before being 
fed to the lenticular lens sheet 6b as such, the directivity 
40 of the output lights can be controlled relatively freely irre- 
spective of design of the lenticular lens. Such a tech- 
nique can be applied to the PDP to provide great effect, 
while it is used for a projection TV set having a CRT used 
therein. 

45 The second embodiment, as shown in Fig. 8, has 
the optical device on both sides of the second front glass 
panel 6 each. It need hardly be said that the optical 
device may be provided only on a single side. While the 
figure has intervals of the lenticular lens indicated rather 

so wide, they should be desirously fine in view of resolution. 
Also, it need hardly be said that the intervals should be 
made optimum in view of the optical design and worka- 
bility - 

Fig. 9 depicts a cross-sectioned view illustrating 

55 major portions of a third embodiment of the plasma dis- 
play system according to the present invention. Parts in 
the figure equivalent to those in Fig. 2 are indicated by 
the same numbers as in Fig. 2. Description of the iden- 
tical parts is omitted to avoid redundancy. The third 
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embodiment has the above-described interference film 
(multi-layer interference film) 9 indicated in Fig. 1 0 and 
a face panel 10. The third embodiment is an example of 
application of the interference film, having the thin-film 
interference filter 9 provided on an inside (cell S side) of $ 
the face panel 10. 

It is preferable that the ultraviolet ray generated in 
the cell S is all absorbed by the phosphor 7 to excite the 
phosphor 7 to emit the visible light. Considering the cur- 
rent panel on the basis of such a principle, we can find 10 
that the area for feeding out the light occupies a large 
part of the area of the wall surfaces of the whole cell. 
There is no problem if the light output face (face panel) 
can be coated fully with the phosphor. However, the cur- 
rent face panel cannot be coated enough to use the ultra- 75 
violet ray effectively in connection with the light output 
needed to display. To solve such a problem, as shown in 
Rg. 9, the third embodiment is made to have the thin- 
film interference filter 9 provided on the opening for feed- 
ing out the display light, or rather on the whole inside of 20 
the face panel 1 0, so that it can reflect only the ultraviolet 
ray to excite the phosphor while transmitting the visible 
light. Such a structure does not make the opening of the 
face panel 1 0 serve as loss for the exciting ultraviolet ray. 
When the face panel 1 0 has the thin-film interference f il- 25 
ter 9 for reflecting only the ultraviolet ray, the thin-film 
interference filter 9 reflects the exciting ultraviolet, which 
excites the phosphors 7 on the barrier ribs 2 and the bot- 
tom of the cell S. Therefore, it need hardly be said that 
the phosphor 7 coated on the face panel 1 0 has no sense 30 
as with the case that the face panel 10 has no thinfilm 
interference filter 9. 

The structure of the thin-film interference filter 9, like 
the thin-film interference filter shown in Fig. 9 for use in 
the first embodiment of the present invention, has thin 35 
films of refraction factors n1 an n2 overlapped alternately 
to obtain a desired characteristic. The thin-film interfer- 
ence filter 9 in the third embodiment should be designed 
as transparent filter to make necessary spectrum com- 
ponents pass through. 40 

Claims 

1 . A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 45 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

filters for effectively reflecting color lights 
emitted by the phosphors, the filters being inter- so 
leaved between surfaces of barrier ribs for spatially 
separating the cells and/or a bottom of each cell and 
the phosphors coated to the surfaces and/or the bot- 
tom. 

55 

2. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 



lights, each cell comprising: 

reflective filters for the emitted lights, the 
reflective filters being formed by way of mixing sub- 
stances of effectively reflecting the color lights emit- 
ted by the phosphors in surfaces of materials 
forming barrier ribs for spatially separating the cells 
and/or a bottom of each cell. 

3. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

multi-layer interference film filters formed of a 
multiple of thin films of different refraction factors, the 
interference film filters being interleaved between 
surfaces of barrier ribs for spatially separating the 
cells and/or a bottom of each cell and the phosphors 
coated to the surfaces and/or the bottom, character- 
istics of the interference film filters being selected to 
reflect only wavelength components desired to dis- 
play, 

4. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

filters for reflecting lights of longer wave- 
lengths than that of the ultraviolet ray to excite the 
phosphors, the filters being interleaved between sur- 
faces of barrier ribs for spatially separating the cells 
and/or a bottom of each cell and the phosphors 
coated to the surfaces and/or the bottom. 

5. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

a face panel for feeding out the lights, the face 
panel including a first face panel positioned inside, 
the first face panel being formed of thin transplant 
plate, and a second front glass panel positioned out- 
side, the second front glass panel being formed of 
transparent plate having an optical characteristic of 
controlling directivity of the light. 

6. The plasma display system according to according 
to claim 5, each cell further comprising an optical 
filter layer interleaved between the first face panel 
and the .second front glass panel, the optical filter 
layer allowing virtually only light components for 
each color light to pass through. 

7. The plasma display system according to any of claim 
7 wherein an area of the optical filter of each cell 
corresponding to each emitted light color is made 
wider than an opening area of the cell. 
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8. The plasma display system according to any of claim 
6 or 7, each cell further comprising a black member 
for absorbing light, the black member being posi- 
tioned between the optical filters of different colors 
corresponding to the cells. 

9. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

filters for effectively reflecting color lights 
emitted by the phosphors, the filters being inter- 
leaved between surfaces of barrier ribs for spatially 
separating the cells and/or a bottom of each cell and 
the phosphors coated to the surfaces and/or the bot- 
tom, and 

a face panel for feeding out the lights, the face 
panel including a first face panel positioned inside, 
the first face panel being formed of thin transplant 
plate, and a second front glass panel positioned out- 
side, the second front glass panel being formed of 
transparent plate having an optical characteristic of 
controlling directivity of the light 

10. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

filters for effectively reflecting color lights 
emitted by the phosphors, the filters being inter- 
leaved between surfaces of barrier ribs for spatially 
separating the cells and/or a bottom of each cell and 
the phosphors coated to the surfaces and/or the bot- 
tom, 

a face panel for feeding out the lights, the face 
panel including a first face panel positioned inside, 
the first face panel being formed of thin transplant 
plate, and a second front glass panel positioned out- 
side, the second front glass panel being formed of 
transparent plate having an optical characteristic of 
controlling directivity of the light, and 

an optical filter layer interleaved between the 
first face panel and the second front glass panel, the 
optical filter layer allowing virtually only light compo- 
nents for each color light to pass through. 

11. The plasma display system according to claim 10, 
each cell further comprising a black member for 
absorbing light, the black member being positioned 
between the optical filters of different colors corre- 
sponding to the cells. 

12. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 
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a face panel for feeding out the lights and 
multi-layer interference film filters positioned inside 
the face panel, the multi-layer interference film filters 
being formed of a multiple of thin films of different 
refraction factors for reflecting the ultraviolet ray and 
allowing the visible lights to pass through. 

13. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

filters for effectively reflecting color lights 
emitted by the phosphors, the filters being inter- 
leaved between surfaces of barrier ribs for spatially 
separating the cells and/or a bottom of each cell and 
the phosphors coated to the surfaces and/or the bot- 
tom, and 

a face panel for feeding out the lights and 
multi-layer interference film filters positioned inside 
the face panel, the multi-layer interference film filters 
being formed of a multiple of thin films of different 
refraction factors for reflecting the ultraviolet ray and 
allowing the visible lights to pass through. 

14. A plasma display system comprising a multiple of 
cells for light emitting areas separated spatially for 
color lights wherein phosphors in the cells are 
excited by energy of ultraviolet ray to obtain visible 
lights, each cell comprising: 

a reflective surface for reflecting the light 
emitted by the phosphor and a face transmission 
portion for feeding put the visible light, at least one 
of the reflective surface and the face transmission 
portion having a selectivity of the color light emitted 
by the phosphor. 
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(54) Plasma display system 

(57) A plasma display panel for plasma display sys- 
tem provides excellent optical characteristics, including 
a color purity contrast, and luminance, of a plasma dis- 
play system. Barrier ribs 2 forming a cell S has wave- 
length-selective reflective filters 8 for reflecting only a 
light of wavelength needed to display and absorbing the 
other lights coated thereon. The wavelength-selective 
reflective filters 8 have phosphors 7 coated thereon. A 
color filter 4 is inserted between a first face panel 3 and 
second front glass panel 6 for feeding out the light in a 
sandwich state. 
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